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Pathophysiology of Proximal Perigraft Endoleak Following Endovascular
Repair of Abdominal Aortic Aneurysms: a Study Using a Flow Model†
J.-N. Albertini∗, J. A. Macierewicz, S. W. Yusuf, P. W. Wenham and B. R. Hopkinson
Vascular Surgery Department, Queen’s Medical Centre, Nottingham, U.K.
Objective: to design a flow model to determine whether and why increased proximal neck angulation correlates with
increased risk of proximal perigraft endoleak (PPE) flow.
Methods: a tapered stent-graft (Gianturco stent + Dacron) was deployed with proximal and distal necks made of
silicone. The amount of PPE was measured over 30-s periods while the angulation of the proximal neck was increased.
Results: PPE flow increased significantly for angulations [30°. The graft was lifted off the neck wall and gaps between
the stent-graft and the neck created.
Conclusion: greater neck angulation increased PPE flow. The stent-graft was lifted off the neck and subsequent gaps
created. This model could be used to compare available stent-grafts and to test new designs that would improve the seal
in angulated necks.
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Introduction proximal end, and offer the possibility of changing
the angle between the portion deployed in the prox-
Endoleak is considered the Achille’s heel of en- imal neck and the rest of the stent-graft (Fig. 1).
dovascular repair (EVR) of abdominal aortic an- An in-house made, tapered aorto-uni-iliac stent-
eurysms (AAA). Attachment site endoleaks and graft was used in this experiment (Fig. 2). The fabric
particularly proximal perigraft endoleak (PPE) are re- was woven uncrimped Dacron (Sulzer Vascutek⊂, In-
sponsible in our experience and others of aneurysm chinnan, U.K.). The stents were Gianturco Z (Cook⊂,
rupture.1–3 A clinical study showed that neck an- Bjaeverskov, Denmark). The three proximal stents
gulation was a significant risk factor for PPE.4 How- were 45×25 mm and the three distal stents were
ever, the pathophysiology of this finding was unclear. 30×25 mm (resting diameter × height). Each stent
The aim of the present study was to design a flow was attached to the fabric using interrupted 5/0 poly-
model that would confirm the relationship between tetrafluoroethylene sutures (W. L. Gore⊂, Flagstaff,
neck angulation and PPE and enable to investigate U.S.A.). Proximal and distal end diameters of the stent-
hypotheses on the mechanisms of this phenomenon. graft were 28 and 12 mm, respectively. Total length of
the stent-graft was 150 mm. To avoid leakage through
the fabric, the stent-graft was coated with a silicone
gel.Methods
Proximal and distal necks were made of silicone
cylinders. Internal diameter of proximal and distalFlow model description (Figs 1 and 2)
silicone cylinders was 25 and 12 mm, respectively.
Length of proximal and distal cylinders was 6 andThe flow model consisted in a system able to pulse a
3 cm, respectively. The length of stent-graft deployedfluid through a stent-graft deployed in proximal and
in the proximal and distal neck was 25 and 20 mm,distal necks, quantify the amount of leakage from the
respectively. Each cylinder was mounted on a stainless
steel tube, the other end of which was connected to a
∗ Please address all correspondence to: J.-N. Albertini, Service de polypropylene tubing, itself connected to an electrical
Chirurgie Vasculaire, Hoˆpital d’Adultes Timone, 264 rue Saint- pump and a 20 l reservoir. Water in the container wasPierre, 13385 Marseille, France.
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Fig. 2. Stent-graft (1) deployed in proximal (2) and distal (3) silicone
tube. Silicone tubes were mounted on stainless steel tubes (4)
supported by outer rings (5). Note the transversal ruler (6) affixed
on the rectangular frame. Longitudinal axes of the tube and proximal
end of the stent-graft were not parallel and the stent-graft was lifted
off the tube wall. This resulted in a gap (black arrow) created
between the stent-graft and the tube wall.
of ±1 ml. An additional system was build to provide
a pulsatile flow. The inflow tubing was connected
distal to the pump outlet to a short segment of silicone
tubing. The flow was interrupted at regular intervals
by compression of the silicone tube by a metallic
hammer moved by an electrical engine. The in-
terruption rate was modifiable from 15 to 120 per min.
Fig. 1. Water contained in a 20 l reservoir (1) was pulsed by an
electrical pump (2) into the inflow tubing (3) and through the stent-
graft (4) supported by a rectangular frame (5). Further details of Description of the experimental protocol
the supporting system are given in Figure 2. Leakage from the
proximal end was collected into a funnel (6) attached to the frame
Flow in the system was set to a constant value ofand connected to a measuring bottle (7). Water was drained back
into the reservoir via the outflow tubing (8). A tap (9) positioned about 4000 ml per min using the main tap. The neck
distal to the pump and connected to the reservoir enabled to adjust angulation was defined as the angle between the lon-flow. An additional device provided pulsatile flow (10).
gitudinal axes of proximal silicone tube and the first
stent outside the tube (Fig. 3). This angle (measured
using a protractor) was gradually increased from 0 totubing connected to the proximal stainless steel tube.
It passed through the stent-graft and then pulsed into 70° (with 10° increment between 0 and 40 and 5°
increment between 40 and 70). For each angulation,the outflow tubing connected to the distal stainless
steel cylinder. The distal end of the outflow tubing six “runs” were performed. During each run the pump
was switched on for a duration of 30 s, then switchedreturned water to the reservoir forming a closed circuit.
The electrical pump generated a continuous flow of off and the corresponding endoleak volume recorded.
Three of the six runs were performed with continuous40 l/min. A T junction with a tap, placed distal to the
pump outlet, allowed to adjust the flow into the sys- flow and the other three with pulsatile flow at a rate
of 70/min. The pressure in the system was 100 mmHgtem. The supporting system was designed so that
stent-grafts of various length could be positioned in for continuous flow experiments. For pulsatile flow
experiments, maximum and minimum pressures werevarious alignements. A rectangular funnel was in-
serted in the corresponding slot attached to the inferior 100 and 70, respectively. The whole experiment was
repeated four times, giving a total of 24 values ofaspect of the frame, so that all fluids arising from the
proximal silicon cylinder could be collected. The water endoleak flow for each angle. Volumes obtained for
neck angulation greater than zero were compared withwas drained through the funnel into a measuring
container. The water collected in the container was the volumes obtained for a null angulation using
Wilcoxon signed rank test. This analysis wasquantified using a measuring bottle with a precision
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Fig. 4. Proximal perigraft endoleak volume for 30 s runs (values
are median) according to increasing neck angulation. Solid circles
represent values obtained with a continuous flow and empty circles
represent values obtained with a pulsatile flow. § p<0.05 (Wilcoxon
test with baseline value). ∗ p=0.002 (Wilcoxon test with baseline
value). Same p-values were obtained with both types of flow (con-
tinuous and pulsatile).
Table 1a. Endoleak flow according to neck angulation when using
continuous flow.
Exp. no. Neck angulation
0 10 20 30 40 45 50 55 60 65 70
1,1 50 50 74 114 116 144 170 210 270 310 360
1,2 48 46 72 116 120 150 174 220 260 320 350
1,3 42 38 50 88 90 122 156 190 240 280 330
2,1 25 26 24 34 52 105 130 230 250 300 320
2,2 20 20 22 30 50 110 132 240 260 310 330
2,3 20 22 24 34 56 106 136 230 270 320 330Fig. 3. Schematic upper view of the system showing that neck
3,1 20 26 22 24 70 130 140 190 500 580 800angulation was defined as the angle between longitudinal axes of
3,2 24 22 20 28 68 140 150 170 510 590 780proximal silicone tube and first stent outside proximal tube. Net
3,3 22 26 24 26 74 130 140 180 480 600 820hatched area represents proximal and distal silicone tubes. Cross
4,1 76 54 50 74 90 96 208 270 360 500 560hatched area represents the stent-graft.
4,2 78 56 48 72 92 94 212 260 380 490 570
4,3 78 54 50 74 92 90 214 270 370 510 580performed separately for continuous and pulsatile Median 33.5 32 36 53 82 116 153 225 315 405 460
flow. Comparison of volumes obtained for the same Min 20 20 20 24 50 90 130 170 240 280 320
Max 78 56 74 116 120 150 214 270 510 510 820angle according to pulsatile or continuous flow was
performed using Mann–Whitney U test. A p-value less
than 0.05 was chosen for statistical significance.
Table 1b. Endoleak flow according to neck angulation when using
pulsatile flow.
Exp. no. Neck angulationResults
0 10 20 30 40 45 50 55 60 65 70
There was a significant increase of PPE flow as com-
1,1 42 38 50 86 88 120 150 190 250 280 330pared with the baseline value when the neck an-
1,2 44 36 48 86 86 118 150 200 240 290 340gulation was equal or greater than 30° (Fig. 4). Figure
1,3 42 38 50 88 90 122 156 190 240 280 330
2 shows the mechanism explaining this phenomenon. 2,1 22 26 24 34 56 108 120 190 240 300 300
2,2 20 22 26 32 58 110 124 190 260 320 290When neck angulation was increased, the longitudinal
2,3 24 26 26 30 60 116 128 180 250 320 290axes of the neck and proximal end of the stent-graft
3,1 20 20 22 22 64 110 90 170 490 610 750
were no longer parallel and the stent-graft was lifted 3,2 20 22 20 24 62 116 100 160 550 600 720
3,3 20 20 20 22 60 100 110 160 470 620 760off the neck wall. This resulted in a gap (black arrow)
4,1 70 46 58 66 76 88 190 220 310 380 510created between the stent-graft and the neck wall.
4,2 68 50 62 66 72 86 186 230 300 400 500
There was no significant difference between the values 4,3 70 48 58 64 78 84 188 240 290 410 510
Median 33 31 37 49 68 110 139 190 275 350 420of flow for each angulation according to pulsatile or
Min 20 20 20 22 56 84 90 160 240 280 290continuous flow. Corresponding raw data are de-
Max 70 50 62 88 90 122 190 240 550 410 760
scribed in Table 1a and 1b. During all experiments, no
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leakage from the distal end of the stent-graft was from the ones of a silicone tube and the geometric
configuration of the aneurysmal aorta is more complex.observed.
However, the model was not intended to give an exact
reproduction of the aortic circulation. Instead, it was
designed to investigate hypotheses on basic mech-
anical phenomenons which may exist in vivo. FurtherDiscussion
in-vitro and in vivo experiments, particularly on new
stent-graft designs, are required to verify theseIncreasing neck angulation was significantly as-
hypotheses.sociated with greater proximal perigraft endoleak flow.
This is consistent with the results of a previous clinical
study.4 Due to the stiffness of the stent, the stent-graft
was lifted off the neck wall and this created gaps Conclusion
between the stent-graft and the wall. Baseline leakage
was due to a pleating of the Dacron graft producing This model confirmed that greater neck angulation
an imperfect seal. This phenomenon also participated increased PPE flow. The stent-graft was lifted off the
in the generation of endoleak but to a lesser extent neck and subsequent gaps created. This model could
than the gaps described above. There was considerable be useful to compare available stent-grafts and to test
variation in the volumes obtained for the same angle new methods that would improve the seal in angulated
during different experiments. This probably depended necks.
mainly on how wide the gap between the stent-graft
and the neck was, although this was not actually
quantified. Acknowledgements
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